
1 

Overview af MSFC's Applied Fluid 
Dynamics Analysis Group Activities 

Roberto 6arciafn)64 
Lisa Griffin n'D64 

.. 

fnh.aducton 
- 
- Fluid Mechanics at MSFC 

Status of progrmn~ at MSFC 

Rclcwrnt Fluid byrmnii Activities 
ut MSFC 



- PmmthedJIMO(JupihrIcy 
Moon Orbiter) 
- R~JectIccdtyJPL 
- Cumnt ina b k k d p e r i o d  duet0 RFP 
- Dcvekrp nuclttrrekronic proputsion 

system to providcgreatertnergy for 
xienccon5ite 
JIM0 is a nuckorcltdric pathfinder 

Office of Explorotian syshms created to implement the 
Presidents vision for human space exploration 
- 'returning to the Moon' 
- c o d  

Major 
- 2008: Initial flight test of CEV 
- 2008: Launch first luwrr robotic orbiter 

11 First Urmmned CN flight 



&ducting studies to aid in the establishmtnt of requirements 
&ingt%roughthepIoccssofrtvicwingpmjsctst)wtit 
inherited for r-ekvance to Explovatbn System needs 
- Relcvwe review has resulted in cancellation of several former N6LT projects 

Redirection of others 
Then? will be some low Iml, vuyfoarad ntar ttrm ~mbgyaciivitie5 

will have to live with t)w! same mctrics as other pragmms 

NASA is being very thonnrgh in its return t o  fliw (RTF) activities 

You get relativety Ftcent RTF information on the web 

- RTF activities are irnpocthg all the eode M and code R centers 
Major adivities being worked (not all inclusive) 

- It is impktncnting the CAIB recxmmdations and beyond 
- Aiming for RTF in March of 05 

- http: / /~ .~v/ascLgov/news/hrghl ights/ntul  

- Redesigning the ET to elminah all sources o f  debris 
HQdwnig tk: shvttle t o  be m~ntdtFcmt of debris 
Improving the o r b i ‘ s  ability to re-enter safely wi 



High-fidelity fluids design & analysis e q w t i s e  at MSFC 
focustd in the space transportation direct@ 
- CFD ("D64). induced errvironments (TD63), cold flow testing (lD62, 
TD63, TD74), d functional design (TD61) 

F l u i d ~ a ~ s e a c o r c ~ u t a t c  
Supportfocudinhwokvxldcrraas 

Fluid mechanics applications at MSFC focused on 
improving the  safety, reliability, & cost of spua 
transportat-a systems 
We define geomehy, quantify emirorrmttrts, and predict 
m- - Incident investigation support (analysis and test) 
- Enviroronwts and performance definition (analysis and test) 

Develop advanced hardware concepts and 



p r o v i d c p t r s a m d w i t h * t o d s t o ~  
- Maintain and enhance civil service personnel capabiiities 
- Provide challenging work. hands-on experience, training 
- continuousty impve  analysis techniques, computing resources, and test 

facilities, reduce cost/analysis 
Acquid- cupability to pwforrn brood, CFO-based 
parametric desii concept studies 
- Spend mope time qineering, less time 'CFDi 

of available computing 
in all phases: arid 

I 

Grid gentration 

Post Processing 

Flow Solvers 

- Gridgen, Solid Mesh, Corgrid, CFD-beom, COR6RID 

- Fieldview, Ensight, Flowshow, Animator, Autoplot 

- FDNS, LocIcsrtm, Corsair, Phantom, Overflow, U M C  

* CampUterHaKiwaFt 
- Access to NASA-AM 



Contwnpoffa~ Foc1(ct argit~ c ~ m b u r t i ~ n  devices sirnib t o  1960s-1970~ 
designs 
Longer life (robust), higher T/W designs required 

Application of CFb in design of combustion devices hampered by real 
limitations 

dcn#at.l.otionofdcfign- - isco3tpphibithn 

kadsquah- and 

We must support p’agrams with the current. limited 
capability for iqjector design 
concunWrtty, CFD simulation capability improvements 
must be made in at least 3 areas 
- Fidelity-the abiliv to model the key details of the physics and 

geometry 
- Robustness-solution t m d  must be sufficient to  cover a large 

parametric space of independent design variables and operating 
conditions 
Accuracy (d th 

Technology bevelopment 
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simutuiion Readintss: Level (SRt) = (f,r,a) 

Focusof groupscomhshm * devicesactivitieshasbcen 
the staged combirstion injector technology (SCIT) task 
- Task objective is t o  develop, validate, and verify a CFD based injector 



Validation Date Aoquisition--602/6H2 at Pcnn State 
- the tested initial gas- element5 at PSU (code mlidatii) 
- Initial CFb cc#nporisons haw been completed - A d d i t h l  Wing to  focus on advance c0"CLpts - wgrr- l igr id-  

CFO used extensively in cancert with PSV testing 
- Oxidizer tip tocation shidy demonstrates importance of pre-test simulations 

- Applicution of  CFD reinforced need for detail data uncertainty analyses 

*'-- 

a A b  shows k#kdgr of i i p  location i o  be critical 



Liquid-liquid iqjectw testing at facility TS-115 - 7-ekntlm. shear coo)<. LH2-LOx. pdumer cot&iom 
- Testing is underway and data is being reviewed 
- Attempts to obtain multielement CFD simulations have been hampered 

by several issues, msst  notably cpu time required t o  develop solutions 

.I- 

,_ 
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- 
* u  t)rcn: have been m l  parallel tfforts for 

code improvement 
- FDNS real fluids development and impkmentotion 
- FDNS robustness and efficiency improvements - Chenoweth presentation t o  discuss in more detail 

Dcvrlqmm of Wa-chcm for reacthg flom 
applications (W) 

Ba r - r a * - n -  

Example: Initial validation of W - c h e m  unsteady capabilities 
validated against classic vortex shedding cylinder 
- Validation performed by Brym Robles (new-hire) as part of familiarization w/Chem 
- Rcsultsare prettvgood butshowdependencywith Mach number 

t I  
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ob-: 
- construd a model to evatuate Main Injector and Chamber Wall 

Envi-ts 
- IPD utilizes (hot) gas-gas H2-02 main injector - Approach is to build on experience with PSU gas-* 
injecforrnw 

Hies to  basically a (large) reacting ideal gas 

oBJEcTI[vE 
- Mitigate design risk by better characttn’zation of  therm1 

environments on baffle elements and on chamber wall 

- Start with Single Element, axisymmetrk geometry 
- Finite rate multi-step chemistry, RP-1 madeled os ideal gas 
- Evaluated different 6OX injection schemes 
- Evaluated diffcrtnt turbulence models 

APPROACH 

I , 

I 
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Example results: 

OBJECRVE 
- Construct subscale models to be validated for simulation of large scale 

combustors 
- Use these models to evakrate thermal envimnmurts 

APPROACH 
- sl-artwithsingk&Ismt,rpdryrmu)m -- - R P - l m o d d C d o t i 6 # I ~  
- Finiteraten*8ti-shpchanwwy 

Temperature Contours I 



Recent/Ongoing Node 
Technology Actnaiws ... 
- Dounnentation of test and analysis 

resutts from recent attitude 
compensation nozzle activities 
continua 
Nozzle Sideload aciivity approved 

ic turbine, instrumented rotor 

+-- 

- Tool improvements. design process improvem 
manufacture, and testing 

- First entry testing compieted in Feb 2003, preparing for second entry 
into facility 

- Test data has been used to make inrpnwements to meanline code 
- Comparisons of Corsair results are very 

W/ 



T A n ’  - Turbine Airftow Tester 
Rs-84 hrbine airflow test rig 
- Subsonic, high flow turbine, out of U.S. i n d d  
- Design, analysis, manufacture, testing - Instrumented rotor for code validation 
- Testing completed, initial comparisons to dal 
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Perfumed CFb analyses of RS-84 main oxidizer pump 
fetdline 
- Concerns with pump inlet velocity profile 
- Predicted large distortions with baseline pipe geometry - fkgan initial activities towards a redesign when project canceled 
- Rothermel presentation 

I 
la 



b k a d n 3 e , m t t i m ~ ,  
a d m ~ p h  

- 6&qe hydraulic turbine 
- Analyzed with Phantom (uns tdy ,  red LOX properties) 
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As part of the shuttfe re!turn to flight m e s  all the 
elements are attempting to address areas of concern 

CFD is being utilized at MSFC in m l  dl'cas in sup;port 
of returning thc shuttle to flight 

- Even if not related to the Columbia mishap 

- External tank (ET) redesign 
- Solid rocket booster separation motors igniter 

W i e r  fuct feedline liner cracking (aguin) 

CFb has betn heavily utilized 
in the redesign of  the bipod 
ramp an the external tank 
- Foam loss from the ET bipad 

ramp led to  Columbia mishap 
- CFD used t o  assess the various 

redesign candidates 



SF.- 7- - 
Cwmntly suOportirrg p j e c t  o f f i i  assessing redesign of 
PAL - - There are two large ramp that shield the cable trays an the exterior 

of  the ET 
- MSFC performing shuttle stack simulations with overflow to generate 

flight environments - CFD predicted flight environment used to design ground tests of 

rewlts from gro 
activities there 
between MSFC, 
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traced t o  potential igniter qrain r * -  1 

orbiter fucl feedline liner cracking caused a grounding o f  the 
fleet appmximately ollc ycar pn'or to Columbia mishap 
A second look after thc mihap has led to re-opening of the 
irnrcstigation to assure that ihe flow liner will m - v e  at least 
one mission in the event of an engine out abort 
CFI) is being performed by MSFC, Rkdn, and Amcs in support of 
the ground-test procjmn - 6oal of the testing is to  provideda+a needed to ducegtntrorw c o w i s m  in 

life pFtdiction took 
iansarebeirrg lwatcr ing, airflow testing. and 
;t* 

la4i 

- Simbt 



Friw to returning to flight, NASA commithd to hmhg in place 
a discipline process for dealing with dcbris drsing a mission 
- All the s W k  elements an generating list of possible debris - The potential for that -is t o  cause damage to  the shuttle system is evaluated 

in a tvvo parts process 

- Impact testing of key components is being used to detennin what is the 
allowabk debris 

ovcrfbw is used to cakutah flu flaw field obout the 

- Drbrirmmsportanddrkirinpact 

CFO is bcirrg utilized heavii in the M s  tmmport proass 

a m -  

*-- 



T h e r e a f e d r i s k s  
associated with performing 
the -tm-pad” debris 
trvlnsport calcul~-on 

the owpad flow fields 
- Risk that Overflow will not predict 

-=-blrpLnr 
hwlucsdazpbotion 
that th complex geomtty 

of ik hunch ood/s)luttk stack 

curre# SSMt LPOT has experienced cracking of the 1st 
stage nozzle 
- caused by coupling between vortices shedding d ural mode 
- A f t e r  extended test time -sure 

The project has mpcsted thut potential r a d c s ~  that 
eliminate the potential for IIozz1e failure be developed. 
- MSFC )MS supported Rocketdyne and Ames with CFD analyses o f  the 

baseline desian and botential redesigns 
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